I. INTRODUCTION
The radiative capture 7 Be(p,γ) 8 B reaction rate given in terms of the extremely-low energy astrophysical S factor is one of the main input data for calculations of the solar-neutrino flux [1] [2] [3] [4] [5] [6] . At the stellar temperature T 6 ∼ 15 K, this rate determines how much the 7 Be and 8 B branches of the pp chain contribute to the hydrogen burning. In the standard solar model, the predicted flux of neutrinos is determined by the relation [1] φ ν ∼S 
HereS ij = S ij (E)/S ij (0) andτ e7 = τ e7 (E)/τ e7 (0), where S ij (E) is the extremely-low energy astrophysical S factor for the reactions of the pp chain induced by collisions of the nuclei with mass numbers i and j, τ e7 (E) is the 7 Be lifetime with respect to the electron capture 7 Be + e − → 7 Li + ν e reaction and E is the relative kinetic energy of the colliding particles. It is seen that the flux of neutrinos depends noticeably on the β-decay of 8 B determined in turn by the accuracy of the astrophysical S factors of the 7 Be(p,γ) 8 B reaction at so far experimentally inaccessible solar energies (E 25 keV), including E=0.
It is known that the uncertainty in extrapolation of the astrophysical S factors to the Gamow energy E G =18 keV obtained at the stellar temperature T 6 =15 K (Sun) [7] affects significantly the predicted flux of solar 8 B neutrinos [6, 8] . Despite the impressive improvements in our understanding the nuclear-astrophysical 7 Be(p, γ) 8 B reaction made in a period of ten consecutive years, some ambiguities connected with both the extrapolation of the astrophysical S factors to the solar energy region and the theoretical prediction for S 17 (E) still exist and can influence the prediction of the standard solar model [6] . For example, the analysis of the precisely measured astrophysical S factors for the 7 Be(p, γ)
8 B reaction and their extrapolation performed by different authors from the observed energy regions to extremely low experimentally inaccessible energies gives values of S 17 (0) with a spread exceeding noticeably the experimental ones (see the recent reviews [8, 9] and references therein as well as Ref. [10] ). As regards the theoretical microscopic calculations of S 17 (0), they also show considerable spread connected with the method used (see, for example, Refs. [11] [12] [13] and the available references therein). It should be noted that a considerable sensitivity of the calculated value of S 17 (0) is observed in [11] [12] [13] to the used effective nucleon-nucleon potential. Moreover, as it is evident from these works, a correlation has been revealed between the asymptotic normalization coefficients (ANC) calculated for p + 7 Be → 8 B, which determine the amplitude of the tail of the radial 8 B nucleus bound wave function in the ( 7 Be+p)-channel [14] , and the calculated S 17 (0).
Taking into account this fact, in the last years several works have been performed to determine the ANC for p + 7 Be → 8 B and the S 17 (0) with an accuracy as high as possible. In [10] , the "indirectly determined" value of ANCs for 7 Be + p → 8 B were obtained by means of the analysis of the precisely measured experimental astrophysical S factors (S exp 17 (E)) performed within the modified two-body potential approach (MTBPA) [15] where S 17 (E) for the direct radiative capture 7 Be(p, γ) 8 B reaction is expressed in terms of ANC for p + 7 Be → 8 B. Then the derived ANC was used for extrapolation of the corresponding astrophysical S factors to solar energies. In [16] (see also [17, 18] ), the ANC values for p + 7 Be → 8 B were obtained from analysis of the peripheral proton transfer 10 B( 7 Be, 8 B) 9 Be and 14 N( 7 Be, 8 B) 13 C reactions. The analysis was performed within the modified DWBA restricting by the first order of the perturbation theory over the Coulomb polarization potential (∆V C f ) in the transition operator and assuming that its contribution to the total transition operator is small. But, the ANC values proposed in [16] may not have sufficient accuracy because of the aforementioned assumption made for the transition operators [19, 20] . Nevertheless, in [16] the obtained ANC values were then used for the estimation of S 17 (0), which also differs noticeably from that recommended in [8, 10, 21] . As is noted in [10, 20] , one of the main reasons of the observed discrepancy is connected with underestimated values of the ANCs suggested in [16] as compared with that obtained in [10, 20] .
This disagreement initiated a number of the new measurements of other kinds of peripheral nuclear processes to obtain an additional information about the ANC values for 7 Be + p → 8 B and their astrophysical application. Particularity, the analysis of the experimental differential cross sections for the peripheral proton transfer 7 Be(d,n) 8 B reaction, measured in inverse kine-Let us write l B (j B ) for the orbital (total) angular momentum of the proton in the 8 B nucleus and l d (j d ) for the proton in the deuteron. For the 7 Be(d,n) 8 B reaction the value of l B is taken to be equal to 1 and the values of j B are taken to be equal to 1/2 and 3/2, while the values l d and j d are taken equal to 0 and 1/2 for s-wave and to 2 and 3/2 for d-wave, respectively.
The main contribution to the full transition operator in the amplitude (at least near the main peak region in the angular distribution) comes from the proton-neutron nuclear V N np potential [19, 30, 31] since ∆V C f =0 in the full transition operator because of the presence of a neutron in the final state. Then the single particle DWBA cross section can be calculated within the finite range DWBA in the "post"-approximation with the DWUCK5 code. But if the reaction under consideration is peripheral, the influence of the ambiguity of the optical model parameters on the calculated single particle DWBA cross section should be small, at least not exceeding the experimental errors. In this case, the largest uncertainty in the single particle DWBA cross section comes from its strong dependence on the geometric parameters (radius r 0 and diffuseness a) of the Woods-Saxon potential used for calculating the radial wave function of the singleparticle 8 B[=( 7 Be + p)] bound state wave function. It is known that this dependence enters the single particle DWBA cross section mainly through the corresponding single-particle ANC [25] . It will be demonstrated below that the reaction
MeV is peripheral, so the single-particle ANCs for the shell model bound wave functions of the residual nucleus 8B, entering the calculated single particle DWBA cross section, are the free parameters.
Only s wave is taken into account for the deuteron wave function in our calculations. This approximation is justified by the fact that the reaction under consideration has the peripheral character at least in the main peak region of the angular distribution. Therefore, in this angle region the dominant contribution to the DWBA cross sections comes from the surface and outer regions of the colliding nuclei. In this interaction region, contribution of the d wave component to the deuteron wave function is strongly suppressed since the amplitude of its "tail" determined by the corresponding ANC of the d wave is very small (∼10 −2 fm −1/2 ) as compared to that for the s wave [14, 32] .
Then, according to [27] [28] [29] , within the modified DWBA, we can write the differential cross section in the form
where C d; j d and C B; j B are the ANCs for p+n → d and 7 Be+p → 8 B; E i is the relative kinetic energy of the colliding particles; θ is the scattering angle in c.m.s. and λ = (C B; 1/2 /C B: 3/2 ) 2 =0.125 [16, 33] . In Eqs. (2) and (3), b B; j B is the single particle ANCs for the shell model wave function for the bound ( 7 Be + p) state, which determine the amplitude of its tail [14] ; b d; j d is the amplitude of the tail of the s wave deuteron wave function of relative motion of the neutron and proton in the deuteron (j d =1/2); σ DW j B (E i , θ; b B; j B ) is the single-particle DWBA cross section. For independent testing, the single-particle DWBA cross section has also been calculated using the LOLA code [31] restricted only by the first order perturbation term of over ∆V C f in the transition operator. Both calculations gave the same results since ∆V C f =0. In (2), the ANC C B; j B , the single particle ANCs b B; j B (j B =1/2 and 3/2) and the parameter b d; 1/2 are unknown, whereas the values of the ANC for p + n → d (C d; 1/2 ) and λ are known [14, 16, 32] . Nevertheless, the value of the free parameter b d; j d can be determined by similar way as it was done in [17, 18, 28] as the "experimental" ANC value for p + n → d extracted from the exchange nd and pd scatterings is known with the high accuracy (C 2 d; 1/2 =0.774±0.018 fm −1 ) [14, 32] . Besides, this value of the ANC is in excellent agreement with that calculated by different forms of the realistic NN potential where its value was found insensitive to the used form of the NN potential (see [14] for example). This circumstance makes it possible to calculate the s wave of the deuteron wave function by using the Woods-Saxon potential with the geometric parameters chosen to reproduce the aforementioned ANC value of C d; 1/2 and to fix the value of b d; 1/2 at 0.942 fm −1/2 . To make the dependence of the R j B (E i , θ; b B; j B ) function on b B; j B more transparent, we have used the zero-range version of DWBA for the V N np potential with fixed optical model parameters in the initial and final states. Note that this consideration is also valid for the finite range of DWBA. In the radial integral for the matrix element [30] in the R j B (E i , θ; b B; j B ) function we split the space of interaction of the colliding particles in two parts separated by the channel radius R ch [25] : the interior part (0≤ R ≤ R ch ), where nuclear forces between the colliding nuclei are important, and the exterior part (R ch ≤ R < ∞), where the interaction between the colliding nuclei is governed by Coulomb forces only. The exterior part of the radial integral for the matrix element in the R j B (E i , θ; b B; j B ) function does not contain explicitly the free parameter b B; j B , since for R > R ch the bound [( 7 Be + p)] state wave function ϕ B; j B (R)[=ϕ B; j B (R; b B; j B ) [25] ] can be approximated by its asymptotic behavior [14] . Consequently, parametrization of the differential cross section in the form (2) allows to fix the contribution from the exterior region in a model independent way, if it is dominant for the peripheral reaction and if the ANCs C B; j B (j B =1/2 and 3/2) are known. In that case the contribution from the interior part of the radial matrix element to the R j B (E i , θ; b B; j B ) function, which depends on b B; j B through the fraction ϕ B; j B (R; b B; j B )/b B; j B [25, 30] , exactly determines the dependence of the R j B (E i , θ; b B; j B ) function on b B; j B . It should be noted that this fraction is convolved with the radial optical wave functions in the initial and final states in the integrand of the radial integral for the interior part of the matrix element. The contribution from the interior part to the dσ/dΩ cross section is determined by the free parameters b B; j B and the spectroscopic factors Z B; j B through the product of Z 
As is seen from here and will be demonstrated below, at the fixed available "indirectly determined" values of the ANCs C B;j B (see, Table 4 ), variation of single-particle ANC values b B; j B leads to the large uncertainty in the absolute values of the spectroscopic Z B; j B . Besides, as a rule, this inaccuracy for Z B; j B can also grow because of optical potentials ambiguities arising mainly in the interior part of the matrix element. Apparently, the analogous situation may occur for other nucleon transfer reactions induced by a deuteron, including the reactions systematically studied in [34] taking into account the deuteron's break up in the field of the target.
In this connection, it should be noted that for small relative distances between colliding light nuclei, which are responsible for the low partial-wave amplitudes corresponding to processes proceeding inside nuclei, the optical model potentials cannot, generally speaking, reflect the true nature of many-particle nuclear interactions [29] . Therefore, the dependence on the singleparticle ANCs and optical model potentials in the interior part of the matrix element can be one of the main reasons of the strong dependence of empirical ("experimental") values of the spectroscopic factors Z B; j B extracted from different forms of the DWBA analysis (see, Refs. [20, 24] ). Nevertheless, if the 7 Be(d,n) 8 B reaction is peripheral in the angular region near the main peak the contribution of the internal part into the R j B (E i , θ; b B; j B ) must strongly be suppressed. In this case, Eq. (2) can be used for determination of the square ANCs C 2 B; j B , since, in the external part of the matrix element, the optical potential ambiguity and the dependence of the R j B (E i , θ; b B; j B ) function on b B; j B can be reduced to minimum. To this end, according to [27] , at the fixed values of b d; 1/2 , λ and optical model parameters for the initial and final states, obviously the peripheral character for the 7 Be(d,n) 8 B reaction is conditioned by
where the left-hand side of Eq. (5) should not depend on b B; j B for each fixed energy E i and scattering angle θ belonging to the main peak region. Then from (2) and (5) the following condition
must be fulfilled for each fixed energy E i , θ and the function of
Thus, introduction of the conditions (5) and (6) into the DWBA analysis guarantees the correct absolute normalization of the peripheral reaction cross section and supports the assumption about the dominance of the peripheral character of the proton transfer within (or near) the main peak region of the angular distribution, which is mainly determined by the true peripheral partial-wave amplitudes at l >>1 [19] . Therefore, fulfilment (or weak violation within the errors of the experimental differential cross section dσ exp /dΩ) of the conditions (5) and (6) makes it possible to obtain the experimental ("indirectly determined") value of squared
2 for 7 Be + p → 8 B using the dσ exp /dΩ, measured in the main peak of the angular distribution, for dσ/dΩ, the values of [14, 32] and the parameter b d; 1/2 given above in the right hand side (r.h.s.) of (6).
B. Asymptotic normalization coefficients for
7 Be + p → 8 B
To determine the ANC values for 7 Be + p → 8 B, the experimental differential cross sections measured in inverse kinematics for the 7 Be(d, n) 8 B reaction at the energy of E i =4.5 MeV [23] were reanalyzed by the modified DWBA.
Four sets of the optical potentials listed in Table 1 were used. These were obtained from the global parametrization given in [35] [36] [37] [38] [39] and a χ 2 minimization analysis by means of the best fits to the experimental d + 7 Li, n + 9 Be and n + 11 B scattering angular distributions in the forward hemisphere at the corresponding projectile energies. Such a way of the fitting provides equally good reproduction of the experimental angular distribution within the main peak region as it will be shown below. As an illustration, for the sets 2-4 of the optical potentials, Fig. 1a shows the results of comparison between the calculated angular distributions and the experimental data for elastic d + 7 Li scattering taken from Ref. [36] (closed triangles) at most near corresponding energies. As is seen from this figure, the used sets reproduce well the corresponding experimental angular distributions up to ∼90 o . A similar result is obtained for set 1 of Table 1 . Besides, in Fig 1a, the result of calculation (dash-dotted line), obtained with the optical potentials for the set S1 recommended in Ref. [23] , and its comparison with the experimental data [23] (open circle) are presented for the elastic d + 7 Be scattering at E i =4.5 MeV. One can see that the optical potentials recommended in [23] describe well the experimental data only in the narrow angle range of the forward hemisphere. In this connection, we note that the deuteron groups corresponding to the ground and first excited states were not resolved in the experiment. Moreover, a comparison of behavior of the experimental angular distributions of the elastic deuteron scattering on the nuclei 7 Be and 7 Li shows the overestimation of values of the elastic cross section in the angular range o in [23] . It may be the result of the underestimation of the cross section of the inelastic scattering with the formation of the 427 keV excitation level in 7 Be in the angle range mentioned above. Indeed, as can be seen from o (i.e., on the left slope of the expected first minimum of the angular distribution), still not reaching the minimum. Whereas at the same energy (from the data averaged on energy at 4 and 5 MeV [36] ), the differential cross section for
Li scattering changes only by ∼ 1.3 times, reaching the first minimum at an angle ∼ 75 o . It should be noticed that the position of the first minimum depends very smoothly on the mass number at the fixed energy (see for example, work [39] ), therefore the trend of the angular distribution and position of the first minimum for deuteron scattering on 7 Li and 7 Be nuclei should be similar. For specification of the cross section behavior in the region of the first minimum of angular distribution, which is an essential criterion for the realistic OMP selection, the experiment with a smaller energy dispersion of the 7 Be beam is needed. Taking into account the above-stated considerations, we do not include the OMPs recommended in [23] for the analysis of the
For calculation of the shell model two-body bound 8 B( 7 Be + p) state wave functions the Woods-Saxon potential is used with varying the geometric parameters within the physically acceptable limit by means of adjusting the well depth to the experimental binding energy (137 keV) for each of the geometric parameters. At first, we have tested validity of the condition (5) for the first six experimental points of the angular distribution of the reaction presented in [23] and for all sets of the optical potentials of (5) for each angle θ within the main peak region is fulfilled within ±1.5%, whereas σ (3) is a rapidly varying function of b B; j B for j B =1/2 and 3/2. Fig. 2 shows a plot of the R 3/2 (E i , θ; b B; 3/2 ) dependence on the single-particle b B; 3/2 for the potential of the set 3 in Table 1 within the aforementioned interval for three angles θ within the main peak. The width of the band for these curves is the result of the weak "residual" (r o , a) dependence of R 3/2 (E i , θ; b B; 3/2 ) on the parameters r o and a (up to ±1%) for b B; 3/2 (r o , a)=const [25] . The same dependence is also observed for j B =1/2. For example, the arithmetic averaged values of the R 3/2 (E i , θ; b B; 3/2 ) and R 1/2 (E i , θ; b B; 1/2 ) obtained in the intervals for b B; j B (j B =1/2 and 3/2) mentioned above are equal to 49.76±0.04 and 72.31±0.18 mb·fm/sr at θ=16.58
o and equal to 25.61±0.01 and 39.41±0.12 mb·fm/sr, respectively, at θ=29.6 o . Here, the pointed out the uncertainties are the averaged square errors (a.s.e.), which involve those arising due to the observed weak dependence of these calculated functions with changing of b p 7 Be; j B and their weak "residual" (r o , a) dependence of R 3/2 (E i , θ; b B; j B ) at b B; j B =const. It is seen that, at fixed values of θ and E i the averaged values of the R j (E i , θ; b B; j B ) functions do not depend practically on the free parameter b B; j B . The same situation is observed for the other considered values of θ and the sets of the optical potentials from Table 1 .
We also performed calculations of the DWBA cross sections (2) at forward angles for different values of the cutoff radius R cut (lower limit in radial integration over the distance (R) between centers of masses of the colliding particles) to check in an independent manner the peripheral character of the 7 Be(d, n) 8 B reaction at energies E i =4.5 MeV. Calculations have been done for all sets of the optical potentials of Table 1 and the Woods-Saxon potential for the bound state of 8 B with the standard geometric parameters (r o =1.25 fm and a=0.65 fm) and the Thomas spin-orbital term. The dependence of the DWBA cross sections on the R cut , dσ dΩ (R cut ) is shown in Fig. 3a for set 3. It shows that the contribution of the region with R ≤ R cut 5.0 fm into the calculated DWBA cross section is strongly suppressed and practically negligible. The bound state wave functions rϕ B; j B (r) (j B =3/2) of the 8 B nucleus in the ( 7 Be + p)-channel calculated for different values of the geometric parameters reach their asymptotic behaviour b B, 3/2 W −η B ;3/2 (2κr) for r 5.0 fm, where W −η B ;3/2 (x) is the Whitteker function; η B is the Coulomb parameter for 8 B=( 7 Be + p) bound state and κ = 2µ p 7 Be ε in which ε is the binding energy of 8 B in ( 7 Be + p)-channel. Fig. 4 demonstrates the dependence of the bound state wave function rϕ B; j B (r) (j B =3/2) on the geometric parameters r o and a of the Woods-Saxon potential.
Testing the condition (5) and calculating the DWBA cross sections (2) at the first four experimental points of the angular distribution also were done for different values of the cutoff radius R cut for the 7 Be(d, n) 8 B reaction at the energy E i =5.8 MeV [22] . The calculations were performed for the sets 1a, 2a and 3a of the optical potentials obtained by means of fitting experimental scattering data closest to the kinematics of [22] energies in the same way as it is done above. The results are presented in Table 1 . Fig. 1b shows the results of comparison of the angular distributions calculated for the sets 1a and 2a (solid and dashed lines, respectively) with the experimental data for elastic d + 7 Li scattering taken from Ref. [36] (open circles and closed triangles for E d =7.0 and 8.0 MeV, respectively). As it is seen from the figure, the used sets reproduce well the corresponding experimental angular distributions up to ∼90 o , whereas the optical potentials recommended in [22] provide poor fits to the experimental data (see dash-dotted and dotted lines in Fig. 1b) . The same situation is observed for set 3a. But, the calculations performed for all the considered sets of the optical potentials show that the condition (5) is fulfilled within ±15.0% over the mentioned above intervals for b B; 3/2 and b B; 1/2 for each angle θ within the main peak region. The same situation was observed in [26] where the optical potentials of [22] were used. The dependence of the DWBA cross sections on R cut at the forward angles is shown in Fig. 3b for set 1a. As is seen from the figure, the contribution of the region with R ≤ R cut 5.0 fm to the calculated DWBA cross section is noticeable and occurs to be about of 30%. The same result is obtained for the sets 2a and 3a.
It follows from here that the 7 Be(d, n) 8 B reaction at the energy E i =5.8 MeV is not purely peripheral due to the fact that the contribution of the interior part of the matrix element into the R 3/2 (E i , θ; b B; j B ) function is significant. One notes once more that the strong dependence of this function on b B; j B is mainly associated with the interior part of the matrix element and is determined by the bound state ϕ B; j B (r; b B; j B ) wave function, which is displayed in Fig. 4 for j B =3/2 and three fixed values of b B; j B (b B; j B =0.620; 0.768 and 0.796 fm −1/2 ). For these values of b B; j B the calculated wave functions change noticeably in the interior region, whereas the observed discrepancy grows from 3% to 8% as the relative distance between the "valence" proton and the center mass of the core ( 7 Be) decreases from 3.0 fm to 0.2 fm (see, the insert in Fig. 4) .
Therefore, here in reality one should take into account the effect of a node at short distance in the bound state wave function which is due to Pauli antisymmetrization. Besides, as is mentioned above, the additional difficulty, connected with uncertainties of the optical model potentials in the interior part of the matrix element for description of the elastic scattering of lightest particles on light nuclei [25, 34, 40] , can be faced. The facts mentioned above can apparently be one of the reasons why the value of the spectroscopic factor for 8 B in the ( 7 Be + p) configuration, extracted in [24] from the 7 Be(d, n) 8 B analysis at the energy E i =5.8 MeV with using different sets of the input data, has a large spread (about 30%). Therefore, the analysis of the experimental data of [22] performed within the modified DWBA in [26] and in the present work as well as that performed in [24] cannot allow one to obtain the reliable ANC values for astrophysical application. In contrast to this case, as it is demonstrated above, the 7 Be (d, n) 8 B reaction at the energy E i =4.5 MeV is predominantly peripheral in the main peak region of the angular distribution. At this case, the influence of the effects connected with the true structure of many-particle wave functions of the nuclei (deuteron, 7 Be and 8 B), exhibited mainly in the interior part of the matrix element, can be ignored. So, in the surface and outer regions of the nucleus, the wave functions of the relative motion at the initial and final states can be described by the optical model, and the bound [( 7 Be + p)] state wave function by the one-particle shell model wave function in a correct manner reducing their uncertainties to a minimum. Consequently, the experimental data of [23] are used for obtaining the "indirectly determined" values of the ANCs for 7 Be + p → 8 B. The condition (6) was used for each θ from the main peak region of the angular distribution as only in such a case is the absolute value of the differential cross section defined by the "experimental" value of the ANC. For illustration, we present in Fig. 5 (4) and using the aforementioned values forR and λ, change strongly ( Fig.  5 (top) ). We found that the same dependences for C 2 B and Z B occur for all other considered scattering angles and the sets of the optical potentials from Table 1 .
To increase the accuracy of the ANC values required for their astrophysical application, the contribution of the compound ( 9 B * ) nucleus (CN) and coupled channel effects (CCE) connected with the elastic and inelastic d + 7 Be scattering should be taken into account, similar as it was done in Refs. [22, 23] and [41, 42] . The influence of the CN contribution ∆ CN on the ANC values extracted for each θ from the main peak region has been determined using the results of work [23] , where o for the set 3. The same results practically occur for other sets of the used optical potentials. As a whole the CN contribution to the cross sections [23] in the main peak region is quite small and, consequently, it results in barely changing the extracted ANC values. The CCE contributions to the DWBA cross sections for each experimental point of θ from the main peak region, denoted by ∆ CCE =2|dσ CCE /dΩ − dσ/dΩ|/(dσ CCE /dΩ + dσ/dΩ) [41] , where dσ CCE /dΩ is the coupling channel cross section, has been determined using the FRESCO computational code [43] . The coupling between the ground (E * =0.0; J π =3/2 − ) and first excited (E * =0.429 MeV;J π =1/2 − ) states of the 7 Be nucleus was calculated with the collective form factor of the rotational model for the quadrupole transition, as it was done in [42] (see the coupling scheme in Fig. 6 ). The spectroscopic amplitudes A j are taken from Ref. [22] (A j = Z 1/2 j ). For the core-core interaction the optical potentials adopted for the exit channel of the analyzed reaction are used since there are no optical potentials for the n 7 Be-scattering. The deformation length δ 2 is taken equal to 2.0 fm, which results in a change of the deformation parameter δ 2 (=β 2 R Be , where R Be = r o 7 1/3 ) from 1.02 to 1.04 in a dependence on the parameter radius r o for the real parts of the used optical potentials. The averaged value of the β 2 is equal to 1.03, which is in a good agreement with the value of 1.00 obtained in [44] from the analysis of α + 7 Li-scattering. The results are shown in Table 2 where the coupling channel differential cross sections and the coupled channel corrections (percentagewise) are given in the forward hemisphere and all sets of the optical potentials used are shown. As it is seen from B; 3/2 (1+λ)] by using in the r.h.s. of the relation (6) the experimental differential cross sections and values of the function R j B for the different scattering angles from the forward hemisphere. At this, the contribution of the compound nucleus and the CCE to the extracted ANC values should be taken into account.
The results of the ANC obtained for each experimental θ point and corresponding to the sets 1-4 are presented in Fig. 7 (a)-(d) , respectively. The uncertainties pointed out in this figure correspond to those found from Eq. (6) (a.s.e.), which includes both the experimental errors in the corresponding dσ exp /dΩ and mentioned uncertainties in the R j (E i , θ; b B; j ) functions. The solid line and the width of the band present the results for the weighted mean values and their uncertainties [45] , respectively. It is seen from Fig. 6 that the r.h.s. of the relation (6) practically does not depend on the angle θ although absolute values of the experimental cross sections depend noticeably on the angle θ and change by up to the factor 2.6 with θ changing from 8. Table 3 for the sets 1-4 of the optical potentials. The uncertainties shown for each set of the optical potentials correspond to the weighted uncertainty, which includes only the experimental errors in the measured differential cross sections. There, the weighted mean values of the squared ANCs extracted without taking into account the CN and CCE contributions are also presented in parenthetical figures. An influence of the CN and CCE contributions on the ANC values is also observed. As is seen from Table 3 , the weighted mean value of the ANCs depend weakly on the set of the optical parameters used, and their spread is within the experimental uncertainties for the dσ exp /dΩ [23] . The averaged value of the squared ANCs C 2 B recommended in this work is presented in the ninth and eleventh lines of Table 3 in which the theoretical uncertainty is the a.s.e. connected with the used sets of the optical potentials and the uncertainty in the R j B (E i , θ; b B; j B ) mentioned above. There the experimental uncertainty is the averaged arithmetic error obtained from the errors for each set of the optical potentials. The overall uncertainties, which are the a.s.e. of the experimental and theoretical ones, are presented in the eleventh and twelfth lines. It is seen from Table 3 , the CN and CCE contributions change the ANC values about 4% and the overall uncertainty for the derived ANCs is about 7%, whereas the theoretical and experimental ones are about 3.5% and 6.1%, respectively, i.e., the experimental uncertainty is fairly larger (a factor about 1.7) than the theoretical one. The ANC value recommended in the present work is C Table 4 together with those obtained by the other authors in [10, 16, 20, 24, [46] [47] [48] [49] [50] . As is seen from Table 4 , the weighted mean value of C 2 B , obtained in the present work, is in excellent agreement with that of [10] , which was derived from the independent analysis of the experimental 7 Be(p, γ) 8 B astrophysical S factors at extremely low energies. However, the obtained value for C 2 B differs noticeably from that recommended in [16, 24, 46, 47] . As we discussed above, the ANC value of [16] is model dependent [9, 19, 20, 51] on account of using the first order over the ∆V C f potential. The ANC value of [24] and the discussed theoretical uncertainty of it, which can easily be obtained using the S 17 (0) value derived in [24] (see , Table  4 ) and its relation with the ANC given there, is also model dependent because of the fairly large ambiguity for the spectroscopic factors. The results of [46] and [47] were obtained from the 7 Be(p, γ) 8 B R-matrix analysis, where the direct part of the amplitude is expressed in terms of the channel reduced width and is also determined by a model dependent way. In reality, the ANC value obtained in [46] and [47] can have the uncertainty arising due to an ambiguity in values determined by fitting all the other free parameters used. In addition, as is seen from Table 4 , the ANCs obtained by us also differ noticeably from the values of C 2 B derived in [20, 48] [20] , this process is analysed, as noted above, within the strict three-body model based on the CDCCM in which all nuclear and Coulomb interactions are exactly taken into account in the all-order perturbation theory in the transition operator. Nevertheless, firstly, the cross section of the considered breakup process is expressed in terms of the spectroscopic factor Z B (denoted by α in [20] ), which is really model dependent. Secondly, in [20] , the dependence upon channel spin is ignored in the effective p-7 Be interaction for the single particle wave function of 8 B and the overestimated value of λ(=0.159) was used (see, above and [16, 33] ). Therefore, under such assumptions the Z B value extracted in [20] , which was used in Eq. (4) together with the single-particle ANC value for the adopted potential, becomes strongly model dependent. For example, the values of ω I = Z B; I /Z B in terms of which the calculated single particle cross section (σ) is parameterized (see, Eq. (45) in [20] ), are taken equal to 0.397 and 0.918 for I=1 and 2, respectively, where I is a channel spin. But, they are equal to 0.497 and 0.868 for I=1 and 2 for Barker's spectroscopic factors (Z B; I=1 =0.251 and Z B; I=2 =0.765) [52] . Apparently, all these facts are the possible reasons why the ANC derived in [20] is underestimated in respect to that obtained in the present work. In [48] , the consideration is restricted only by the Coulomb interactions in the first-order perturbation theory in the transition operator. However, as it was demonstrated in [24] , this assumption is not correct and leads to the underestimated value of the ANC obtained. Besides, in [48] the three-body Coulomb postdecay acceleration effects in the final state of the Coulomb breakup reaction is not taken into account. As is shown quantitatively in [53] , the influence of these effects grows as the relative kinetic energy E of the breakup fragments deceases, especially at extremely low energies. But, our result for ANC obtained for j B =3/2 is in good agreement with that of [49] derived from the 58 Ni( 8 B, p 7 Be) 58 Ni analysis for the 1p 3/2 proton orbital in 8 B. Besides, the result of [50] , obtained within the three-body microscopic approach for the nucleon-nucleon MN potential, is aslo in a good agreement with that of the present work. It follows from here that the microscopic three-body (α 3 He p) cluster calculation performed in [50] for MN potential correctly reproduces the normalization of the tail of the radial overlap function of the 8 B in the ( 7 Be + p)-channel. The weighted mean value for C 2 B presented in Table 3 for the sets 1-4 of the optical potentials and the corresponding central values of the R j B (E i , θ; b B; j B ) functions were used in the expressions (2) and (3) for calculating the differential cross sections for the 7 Be(d,n) 8 B reaction at E i =4.5 MeV. The results of calculations and their comparison with the experimental data [23] are displayed in Fig. 8 . As is seen from this figure, the calculated cross section is in a good agreement with the experimental data in the main peak region of the angular distribution for all sets of the optical potentials.
III. APPLICATION FOR THE NUCLEAR ASTROPHYSICAL REACTION
AND THE EFFECTIVE-RANGE EXPANSION C. S 17 (E) for 7 Be(p, γ) 8 B reaction at solar energies
The ANC value for p+ 7 Be → 8 B presented in the last line of Table 3 was used for calculation of the astrophysical S factor of the 7 Be(p, γ) 8 B reaction at zero energy by using the formula [15] S 17 (0) = 37.26C 2 B (eVb).
The obtained value of S 17 (0) is presented in Table 4 along with the results obtained within the other methods by other authors. As is seen from Table 4 , the S 17 (0) value obtained in the present work is in a good agreement with that of [10] and of [50] obtained for the MN potential as well as with S 17 (0)=23.27 eV b, which can be obtained from the interpolating formula S 17 (E)=23.27-40.53E+327.30E 2 derived by us from the polynomial formula (43) of [54] for Barker's potential and the above mentioned values of the spectroscopic factors [52] . At the same time, our result differs from those of [16, 20, 23, 24, 46, 47, 51, 55, 56] . In this connection, it should be noted the following. In [16, 20, 23, 24, 46, 47] the value S 17 (0) was obtained by using the underestimated value of the ANC in respect to that derived in the present work. In [20] , to obtain the value of S 17 (0) the relation between S 17 (0)/C 2 B and the s-wave 7 Be + p scattering length [57] (see, also below) was used in which the scattering lengths for I=1 and 2 were calculated with the Barker's potential. The ANCs were extracted there by using the another form of the p-7 Be potential by ignoring its I-dependence, and therefore, these calculations were not self-consistent. In [51, 55, 56] , for obtaining the S 17 (0) value the procedure of the artificial fitting the highly precise experimental data measured there to the astrophysical S factors calculated in [50] was applied. Therefore, the results of [51, 55, 56] obtained for S 17 (0) are model dependent since the results of [50] presented also in Table 4 appreciably depend on the form of the used NN potentials. The result of the solar fusion II [8] , which was complied also from the results of [51, 55, 56] , differs also noticeably on that obtained in the present work. Besides, as seen from Table 4 , there is the discrepancy between our result for S 17 (0) and those of [48, [58] [59] [60] [61] obtained from the 8 B Coulomb breakup analysis. Apparently, one of the possible reasons of this discrepancy is the fact that, in [48, [58] [59] [60] [61] , first order over ∆V
is used in the transition operator [20] and the mentioned above three-body Coulomb postdecay acceleration effects in the final state [53] are not taken into account. Nevertheless, our result for S 17 (0) obtained only with taking into account the value of ANC for j B =3/2, which is equal to 20.6±0.73 eV b, is in excellent agreement with the result of [49] . The latter has also been obtained with taking into account only the 1p 3/2 orbital proton contribution in the 8 B nucleus.
The results of extrapolation of the astrophysical S factors at extremely low energies, including close to the Gamov peak, S 17 (20 keV), S 17 (50 keV) and S 17 (120 keV), which can be obtained within the MTBPA [15] by using the ANC values of the present work, are equal to 22.5±1.8, 21.7±1.8 and 20.8±1.5 eV b, respectively.
We note that the ratio S 17 (E)/S 17 (0) obtained from the results of the present work is equal to 0.97, 0.93 and 0.89 at E=20, 50 and 120 keV, respectively. The same results for the ratio can be obtained using the rational expression proposed in [62] . It follows from here that the ratio S 17 (E)/S 17 (0) obtained from the results of the present work and that of [62] reproduce correctly the energy dependence of the S 17 (E) at solar energies (E 120 keV).
Thus, the C 2 B value and the values of S 17 (E) at the solar energies (E=0, 20 and 50 keV) derived in the present work with the uncertainty about 7% confirm the independent results of Ref. [10] obtained with the uncertainty about 3%. Therefore, these can be considered as the "best" values obtained by the indirect method so far. The S 17 (E) obtained in the present work and in [10] could also be used as the main input data in Eq. (1) for the correct estimation of the solar neutrino flux [1, 8] . Nevertheless, more precise data are need for such estimation of the boron neutrino flux. As it was shown in our paper, the experimental errors dominate in the ANC values extracted from analysis of the MeV b fm obtained from (7) for I=1 and 2, respectively. From here and formulas (27) and (28) of [57] , we obtain a [63] , respectively. The slope of S 17 (0) near E=0 determined in the present work becomes slightly steeper than that predicted in [57, 63] . But, as is seen from here, the s 1 values of [57, 63] depend noticeably on the input potential. The values of a (I) 0 (I=1 and 2) andā o obtained in the present work differ significantly from those derived in [20, 57, 64] . In this connection, we note that the magnitudes of a It follows from here that one of the main reasons of the observed discrepancy between the results of the present work and other works for the s-wave p + 7 Be scattering lengths and the slope of S 17 (E) near E=0 is the deference between the values of the ANCs and S 17 (0) derived by other authors and those obtained in the present work. From our point of view, our results for the s-wave p + 7 Be scattering lengths and the slope of S 17 (E) near E=0 are more trustable because they are derived with the minimum ambiguity connected with the ANC and S 17 (0) values.
IV. CONCLUSION
This scrupulous analysis of the 7 Be(d,n) 8 B reaction data at E i =4.5 and 5.8 MeV is performed within the modified DWBA. It is demonstrated that the peripheral character of this reaction in the main peak region of the angular distributions occurs only for E i =4.5 MeV [23] . Therefore, the experimental differential cross sections of the reaction under consideration measured in [23] can be used as a source of determination of the squared ANC values C 2 B for p + 7 Be → 8 B. A new value for the ANC was obtained, which is in an agreement with that recommended in [10, 49] and differs strongly from the value, which is deduced within the modified DWBA in [16] from the analysis of the other proton transfer reactions.
The value of the ANC from this work was used for estimation of the astrophysical S factor at E=0 and the value of S 17 (0) equal to 23.32±1.64 eVb was obtained, which is in excellent agreement with that recommended in [10] . It differs noticeably from that recommended in Refs . [8, 16, 23, 46, 47, 51, 56] and obtained by other authors from the data of the A( 8 B, p 7 Be)A Coulomb breakup reaction. Also, the new estimation is obtained for the s-wave scattering length for the p + 7 Be scattering and the slope of S 17 (0) near E=0. Be scattering cross sections by using different sets of optical potentials. In (a), the solid, dashed and dotted lines correspond to the sets 4, 3 and 2, whereas the dash-dotted line corresponds to the set S1 from [23] [36] and [23] , respectively. In (b), the solid and dashed lines correspond to the sets 1a and 2a of the present work, and the dash-dotted and dotted lines correspond to the sets 1 and 2 recommended in [22] Table 1 using the corresponding weighted mean of the ANC value from Table 2 . The experimental data are taken from Ref. [23] . 
